THE ASTROPHYSICAL JOURNAL, 544:567-571, 2000 November 20
© 2000. The American Astronomical Society. All rights reserved. Printed in U.S.A.

FREE-FALL DOWNFLOW OBSERVED IN He 1 1083.0 NANOMETERS AND Hp

W. SCHMIDT
Kiepenheuer Institut fiir Sonnenphysik, SchoneckstraBe 6, D-79104 Freiburg, Germany

K. MuGLACH
Astrophysikalisches Institut Potsdam, Telegrafenberg, D-14482 Potsdam, Germany

AND

M. KNOLKER
High Altitude Observatory, National Center for Atmospheric Research,! P.O. Box 3000, Boulder, CO 80307
Received 1999 May 20; accepted 2000 February 29

ABSTRACT
In a short time sequence of simultaneously observed slit spectra of He 1 1083.0 nm and Hf we find the

signature of material flowing toward the solar surface with up to 42 km s~

! in addition to material

which is almost at rest. The constant acceleration of the moving material is about 200 m s~ 2. These
multiple velocities occur in a small region of about 5” in a plage region. We observe a highly dynamical
phenomenon which lasts a few minutes. The duration and constant acceleration suggest free fall of
matter unobstructed by magnetic structures or along vertical field lines.

Subject headings: Sun: atmospheric motions — Sun: chromosphere — Sun: infrared

1. INTRODUCTION

The He 1 1083.0 nm line provides a tool to probe the
upper solar chromosphere (Avrett et al. 1994). Its height of
formation has been determined observationally to be at
about 2000 km above 7544 nm, = 1 (Schmidt et al. 1995). The
excitation of the line is partially due to photoionization
from EUYV radiation and to collisional excitation in regions
with electron temperatures higher than 20,000 K (Athay
1965; Andretta & Jones 1997). The interplay of those pro-
cesses is difficult to determine and is still a matter of much
debate. While the He 1 1083 line observed in spectrohelio-
grams or narrowband filter images clearly reflects the struc-
ture of the underlying chromosphere, it also reflects coronal
conditions such as coronal holes. The relationship between
intensity and velocity structures visible in the He line and
similar structures observed in the photosphere and corona
has not been studied extensively, at least not with the
required spectral and temporal resolution given the
dynamics that the He 1083 line exhibits.

New insights into the velocity structure of the transition
region were obtained in the last few years by means of the
High Resolution Telescope and Spectrograph (HRTS;
Bartoe & Brueckner 1975). The spectral lines observed in
emission in the UV often show a complex structure, which
is interpreted as the signature of several distinct flows
occurring within a field of view of about 1”7 x 1” (Kjeldseth-
Moe et al. 1988, 1993, 1994; Brekke et al. 1990, 1991, 1992).
How these flows connect to the structures in the lower
layers of the solar atmosphere, i.e., in the chromosphere and
photosphere, is essentially unknown.

In this paper we present the first observation of such
multiple flows seen in He 1 1083.0 nm and in the red wing of
Hp. We studied the time development of this flow in an
observation lasting a few minutes.

2. OBSERVATIONS

The spectra were obtained on 1995 July 9, using the
echelle spectrograph of the German Vacuum Tower Tele-

! The National Center for Atmospheric Research is sponsored by the
National Science Foundation.

567

scope (VTT) on Tenerife, Spain and have been reported on
preliminarily in Muglach et al. (1997). Two large-format
(1024* pixel) CCD cameras were used in 4 x 2 binning
mode to record He 1 1083.0 nm and Hf 486.1 nm lines
simultaneously, with a spatial resolution of 07183 pixel !
and a spectral resolution of 13.5 and 5.9 mA pixel ! for the
helium and the hydrogen line, respectively. The He and H
lines were observed in the 20th and 46th spectral order,
respectively, and order selection was made with suitable
interference filters, mounted in front of the CCD cameras.
The raw data were corrected for dark current and for gain,
using a gain table obtained from spectra of the quiet Sun,
with the solar image rapidly moving across the spectro-
graph slit, in order to remove spatial structure. The spatial
resolution achieved can be estimated from the smallest rec-
ognizable structure of the spectra (see, e.g., Fig. 2 below) and
isabout 1"

The projected slit of the spectrograph (having a width of
100 pum, corresponding to 0746) covered 94" on the solar
disk and was placed upon a region of active plage near disk
center (cos § = 0.97). The region also contained a sunspot
as can be seen in simultaneous (video) slit-jaw images taken
in white light and Ca 1 K (see Figs. 1 and 2).

A series of 16 spectra was recorded at intervals of 15 s,
and the exposure time for both lines was 10 s. We used the
correlation tracker of the VIT (Schmidt & Kentischer 1995)
to stabilize the image to a fraction of an arcsecond, well
below the slit width, and to take out solar rotation. The
precision of the guiding ensures that the time sequence is
not corrupted by motions of the image relative to the
spectrograph slit.

3. RESULTS

Figure 3 shows the time sequence (At = 30 s) of that part
of the spectra in which multiple velocities are present. The
central part of HfS (left column) and He 1 1083.0 (right
column) show a broadening of the profiles at the beginning
of the time sequence. Later the helium line splits into two
separated profiles (e.g., No. 9), while the hydrogen line
becomes more and more asymmetric.

Two minutes after the start of the observations (see Fig.
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F16. 1.—Slit-jaw video image of the observed region in white light. The
vertical line is the spectrograph slit, the two horizontal ones are hairs. The
arrow indicates the position where the multiple velocities occur.

4) we get two clearly separated helium profiles (e.g., in No. 9
they are 0.119 nm apart, which corresponds to a downflow
of 32.5 km s~ !). After 3.5 minutes the moving feature is not
discernible because the Doppler shift has reached the neigh-
boring terrestrial H,O line. Whether the dynamic process
on the Sun has come to an end cannot be determined, since
beyond that line the spectral field of view is limited by the
CCD.

We determined the line-of-sight velocities from a poly-
nomial fit of the central part of the helium line, using the
position of a spatially and temporally averaged quiet-Sun

F1G. 2—Same as Fig. 1, but takenin Can K

profile (which was observed immediately afterwards at the
same position on the disk) as a reference. Only those pro-
files were fitted where one can clearly discern two separate
helium profiles. The central helium component is redshifted
by a few km s~ ! in most positions compared to the quiet
Sun. The velocity of the second feature in time is plotted in
Figure 5 for selected positions along the slit (as indicated in
the figure caption). We get velocities as high as 42 km s !

The HP line signal does not allow for a determination of a
velocity magnitude due to the width of the line. It does
contain, however, two important pieces of information for
the interpretation of the process observed in the He line:

1. The Hp line is formed at lower levels of the solar atmo-
sphere; hence, we conclude that we are observing an actual
flow of material that extends over a considerable height
distance in the atmosphere.

2. The onset of the downflow event is as far as we can
determine instantaneous in the two lines, suggesting that a
whole column in the solar atmosphere is moving downward
rather than a parcel of matter falling down from the corona.

We also note that Hf shows a “moustache” phenome-
non within the field of view represented in Figure 3. The
moustache is the pair of bright streaks to the left and right
of the HP line center, located in the upper part of each
subimage of Figure 3. That signature is actually caused by a
weakening and narrowing of the line (see Fig. 6). However,
neither the strength of the moustache nor its asymmetry
show any significant change during the observed downflow
event. We therefore conclude that this feature is unrelated.

The downflow event is slightly off disk-center at a helio-
graphic angle, 6, of 14°, and our measurements provide the
line-of-sight component of the material motion. It is imme-
diately clear from simple geometric arguments that the
observed motion has to be virtually vertical (see also Fig. 7):
if the observed flow were the line-of-sight component of a
horizontal motion, the horizontal speed would have to be
v, = vy, Sin 6, corresponding to a maximum velocity of
about 240 km s~ . Such a horizontal motion would move
the compact feature quickly along the spectrograph slit or
at some angle to it. In the former case, the motion would be
clearly visible, and in the latter case, the feature would move
off the slit and disappear from the data within seconds.

4. DISCUSSION AND CONCLUSION

Observations with the HRTS indicate emission lines of
up to five different components within the same resolution
element of 1” x 1” (Brekke et al. 1991). Usually one com-
ponent is at or close to rest (as in our observation); most of
the others are redshifted, ranging from 20 up to 180 km s~ *
(Brekke et al. 1992). The data from HRTS reveal that the
multiple velocities occur throughout the transition region
(using a number of different emission lines) and that they
are not restricted to areas above sunspots or active regions.
The flows are even observed in chromospheric lines like O 1
at 130.1 nm.

Recently, others have reported high-velocity events in the
He 1 1083 line in conjunction with coordinating SOHO
EUYV and groundbased observations (Andretta et al. 1998).
From early analysis of snapshots from these data sets, it is
apparent that high-speed events are quite common in the
He line and that these events have counterparts in the
corona. However, these observations have been taken at
large heliocentric angles, which compromises a straightfor-
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Fic. 3—Time sequence of images of Hf (left) and He 1 1083.0 nm (right): the horizontal and vertical coordinates correspond to wavelength and spatial
coordinate along the slit, respectively. Each subimage covers 20" centered around the arrows shown in Figs. 1 and 2. The wavelength scales are given by the
bars on top of the figure, their widths correspond to 0.1 nm (equivalent to 27.7 km s~ * for the He 1083.0 and 61.7 km s~ ! for Hp). The time between two
subimages is 30 s. The arrows indicate the spatial position where cuts have been carried out and shown in Figure 4.
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FiG. 4—Individual profiles of the helium lines of Fig. 3. The solid lines represent the observed helium profiles in the “multiple velocity region,” the dotted
line the ones from a region without large flows (dotted line).
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Fi1G. 5—Velocities derived from the moving component of He 1 1083.0
nm (in km s~ ) vs. time (in s) for various positions along the slit: x = 42786
(solid), x = 4470 (dashed), x = 4653 (dotted), x = 48"18 (dashed-dotted).

gooo[ T T T T T T T T T T

6000 r--....

[counts]

4000

2000

intensity

O T U S S S S ) S S S ST SN S T SN S SN NN S S S 1

0 50 100 150 200 250
lombda  [pixel]

F1G. 6.—Profiles of the Hp line measured in a quiet part of one of the
spectrograms (dotted) and through the “moustache” (full line): inside the
“moustache ” the line is both weaker and narrower.
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F1G. 7.—Intensity in the blue wing of the Hf line as a function of time.
Each curve is shifted in intensity. The bright feature corresponds to the
“moustache ” located near the downflow region. The increased brightness
corresponds mostly to the narrowing of the line profile (cf. Fig. 5). The
graphs shows the fixed location of the feature along the slit and also the
invariability in time during the downflow event. Profile-to-profile differ-
ences can be addressed to varying seeing.
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ward interpretation of the flows involved as pure up- or
downflows.

From the time evolution of the velocities reported here
(see Fig. 5) we estimate the acceleration of the moving
material to be about 200 m s~ 2. Note that g is 274 m s~ 2.
The acceleration is constant during the observed time of the
downdraft. This is a surprising result in view of convention-
al attempts to explain the downdrafts observed in the tran-
sition region and in the corona. Pneuman & Kopp (1978)
and Athay & Holzer (1982) tried to explain the redshifts as
the fallout of spicule material. We conclude that the onset of
the downdraft at the same time in Hf and He rules out this
scenario. Boris & Mariska (1982), McClymont & Craig
(1987), and Mariska (1988) generated models of siphon
flows (Meyer & Schmidt 1968) in coronal loops whose
downward components would then be observed in the tran-
sition region. We do not see how the magnitude and the
shape of the velocity signal can be reproduced by the siphon
models discussed. More recently, Hansteen (1993) identified
the net redshift caused by downward propagating acoustic
waves generated in the corona as a result of nanoflares. We
stress that the phenomenon observed here is clearly due to
an actual mass motion. The observation presented here
cannot be explained by any of these processes given the
duration, magnitude, and acceleration profile of the event.

The presence of the mostly undisturbed He line together
with the strongly redshifted component implies that the 90 s
accelerated downflow occurs below the layer of nonmoving
gas. Otherwise the falling material would have to cross that
layer and thereby disturb or even destroy the unshifted He
line, thus leading to the more common high-velocity events
reported in the literature. Since the He 1 1083 line is opti-
cally thin, the presence of multiple flows can be interpreted
as follows: the unshifted component which stays at rest
throughout the observation tracks the well-known He shell
at an altitude of about 2000 km above t = 1. The moving
component tracks a parcel of matter in free fall. Assuming
that the conditions for the formation of the line in this
parcel do not change during the observation (an ideal-
ization!), we can deduce the maximum distance that this
idealized parcel has fallen during the observation. This dis-
tance amounts to =~ 2200 km (see Fig. 5), which is not
unreasonable given the height of the He shell.

We propose that the constant acceleration of a flow
observed as low as in the chromosphere might be evidence
for the flow connecting down to subsurface layers of mag-
netic flux tubes where a convective collapse (Parker 1987)
efficiently carries down matter by an evacuation of the tube.
This explanation is partially supported by the apparent
sharpening of the spatial structure with time, though the
effect of line formation also comes into play. Future system-
atic studies of similar events and their location relative to
high-resolution imaging of the magnetic structures in the
solar atmosphere will have to investigate this explanation
further.

We thank T. Holzer, P. Judge, L. Michaelis, and O.
White for comments on the manuscript.
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